Role of Src-family kinases in formation and trafficking of macropinosomes.
Src-family kinases that localize to the cytoplasmic side of cellular membranes through lipid modification play a role in signaling events including membrane trafficking. Macropinocytosis is an endocytic process for solute uptake by large vesicles called macropinosomes. Although macropinosomes can be visualized following uptake of fluorescent macromolecules, little is known about the dynamics of macropinosomes in living cells. Here, we show that constitutive c-Src expression generates macropinosomes in a kinase-dependent manner. Live-cell imaging of GFP-tagged c-Src (Src-GFP) reveals that c-Src associates with macropinosomes via its N-terminus continuously from their generation at membrane ruffles, through their centripetal trafficking, to fusion with late endosomes and lysosomes. Fluorescence recovery after photobleaching (FRAP) of Src-GFP shows that Src-GFP is rapidly recruited to macropinosomal membranes from the plasma membrane and intracellular organelles through vesicle transport even in the presence of a protein synthesis inhibitor. Furthermore, using a HeLa cell line overexpressing inducible c-Src, we show that following stimulation with epidermal growth factor (EGF), high levels of c-Src kinase activity promote formation of macropinosomes associated with the lysosomal compartment. Unlike c-Src, Lyn and Fyn, which are palmitoylated Src kinases, only minimally induce macropinosomes, although a Lyn mutant in which the palmitoylation site is mutated efficiently induces macropinocytosis. We conclude that kinase activity of nonpalmitoylated Src kinases including c-Src may play an important role in the biogenesis and trafficking of macropinosomes.